Abstract: This article aims to test the hypothesis that the risk of epithelial ovarian cancer (EOC) in women with endometriosis might be changed by enrolling different population.
INTRODUCTION

D
r. Sampson in 1925 proposed a possible correlation between endometriosis and malignant transformation (occurrence of epithelial ovarian cancer [EOC] ); thereafter, many epidemiologic studies, including recent systematic reviews [1] [2] [3] [4] [5] [6] [7] [8] [9] and meta-analyses, 3, 4, [10] [11] [12] indicated that women with endometriosis might have an increased risk of EOC. Although epidemiologic studies have not always supported a positive correlation between endometriosis and EOC, [13] [14] [15] other studies have reported an unusually high risk of EOC in women with diagnosed endometriosis. 16, 17 The question is, why has the risk of EOC in women with endometriosis varied in different studies, ranging from no correlation in Olson study 13 to the highest hazard ratio (HR) of 12.4 in Buis study. 17 Our previous study showed that women with a tissue-proved endometriosis had a higher risk of EOC than those without (adjusted HR, 5.62; 95% confidence interval [CI], 3.46-9.14), 18 which was significantly >1.80 reported by a recent meta-analysis. 11 Although many hypotheses have been put forth to explain this observation, including the presence of many confounding factors (Fig. 1) , [18] [19] [20] [21] [22] [23] [24] [25] one of the most likely reasons might involve the selected population for study. Dr. Buis found that the risk of EOC-associated endometriosis was much higher, if the data of the diagnosed endometriosis were validated by the nationwide pathology database. 17 The authors suggested that the low-risk estimates of EOC in women with endometriosis from previous studies might be secondary to nondifferential misclassification bias. 17 To test the hypothesis that different classification of endometriosis might directly contribute to the estimation of the prevalence of endometriosis and a subsequent risk of EOC, we conducted a nationwide historic cohort study of women between 1996 and 2010. For this analysis, we selected all cohorts of women with any diagnosis of endometriosis (ranging from at least 1 medical record of endometriosis to tissue-proved ovarian endometrioma; n ¼ X) were compared with women without any diagnosis of endometriosis (n ¼ 239,385-X) to test the impact of diagnostic criteria of endometriosis on the risk calculation of EOC.
METHODS
The study population in this retrospective cohort study contained nearly the entire population of Taiwan (23 million inhabitants). The data in the current study were that of the research database of Taiwan's National Health Insurance (NHI) program from 1996 to 2010, which contains 1 million randomly sampled beneficiaries (The Longitudinal Health Insurance Database 2000 [LHID 2000 ]), and the data in the LHID 2000 are representative of all beneficiaries with regard to age, sex, and insurance cost. [25] [26] [27] This study projected was approved by the Institutional Review Board of Taipei Veterans General Hospital (VGHIRB Number: 2012-12-012BC). We obtained the permission to use the data in the NHI Research Database (NHIRD) from the National Health Research Institute (NHRI) in Taiwan and performed this study. The final target subjects were 239,385 women aged between 20 and 51 years, with at least 1 gynecologic visit after 2000 for analysis. Because no personal identification could be obtained from the data from the NHIRD provided by the Bureau of NHI, Department of Health and managed by NHRI, we could not identify who was who in this study. Therefore, written informed consent was not needed.
The diagnosis of women with endometriosis was based on 13 different criteria (Table 1) , ranged from presence of at least 1 medical record of endometriosis (recalled and/or self-reported endometriosis, Fig. 2 as an example) to tissue-proved ovarian endometriosis in the administrative dataset, and the remaining women were classified as controls (women without any endometriosis). We identified the women with endometriosis based on medical records using International Classification of Diseases, Ninth Revision, and Clinical Modifications (ICD9-CM) code 617, which was obtained from either inpatient (hospitalization) or outpatient (OPD) systems. Since the patients might have had >1 visit, especially within 1 year, or visited any doctor or been hospitalized, the origin of the medical record of endometriosis (ICD9-CM 617) varied.
The following strategy, which has been described before in detail, was used to validate the tissue-proved endometriosis. We recorded surgical treatments for endometriosis, especially limited to the ovary, tube, and peritoneal cavity. 18, 25 Since the surgical interventions, including hysterectomy, bilateral salpingo-oophorectomy, and bilateral oophorectomy contributed to the decreased risk of future EOC, we excluded these subjects, except those women with a diagnosis of invasive EOC during the follow-up period. 18, 25 A total of 13 diagnostic criteria (definition) of endometriosis were used in this study, and all criteria had to fulfill the minimal requirement-having at least 1 medical record of ICD9-CM 617.0-617.9 diagnosis (Table 1 and Figure 2 ).
The women with endometriosis should be initially detected between 2000 and 2010. That is to say, the index date was the date of the first visit/admission during this period (from 2000 to 2010). For the controls (remains without endometriosis), the index date was the date of the first visit to an obstetric/gynecological provider or admission during the study period.
The diagnosis of EOC was confirmed in inpatients with tissue approval and validated using the major disease files (ICD9-CM 183.0 from the Registry for Catastrophic Illness Patients).
18,28
Statistical Analysis
The method for analysis used in the current study has been described before. 18, 25 In brief, starting from the cohort index date, the subjects in the current study were followed until hospitalization with EOC or death, whichever came first, or to the end of the study (December 31, 2010) if no EOC or death had occurred. The censored subjects included patients who did not have a diagnosis of EOC or lost to the follow-up. We used the incidence rate (IR) of EOC to compare women with and without endometriosis, which was tested by the x2 test among subsamples. We used the Cox proportional hazards model to calculate the HR and 95% confidence interval (CI) to determine whether newly diagnosed endometriosis was a risk factor for EOC. The SAS statistical package, version 9.3 (SAS Institute, Cary, NC), and Stata Statistical Software, version 12.0 (Stata Corporation, College Station, TX) were used to perform statistical analyses.
RESULTS
In all, 348 of the total 239,385 study subjects had EOC between 2001 and 2010. The total person-years of follow-up ranged from 3,228,799 to 3,409,338, based on the different diagnostic criteria ( Table 2 ). The differences in the number of women that obtained a diagnosis of endometriosis, ranging from 73,724 in recalled endometriosis (Group A) to 3782 in tissueproved ovarian endometrioma (Group M) (Table 2), were due to the different criteria used to diagnose endometriosis. The EOC IR of the women with endometriosis varied greatly, ranging from 1.9 per 10,000 person-years in recalled endometriosis to 18.7 per 10,000 person-years in tissue-proved ovarian endometrioma (Table 2 ). However, the EOC IR of the women without endometriosis was relatively consistent, ranging from 0.8 to 0.9 per 10,000 person-years and this EOC IR of the women was close to the age-standard IR (age-SIR) of EOC after age adjustment in Taiwan (0.8-0.9 per 10,000 person-years). 28 Different IRs of EOC in women with endometriosis contributed to the different risk estimation of EOC, with crude HRs ranging from 2.59 (95% CI 2.09-3.21, P < 0.001) in recalled endometriosis to 24.04 (95% CI, 17.48-33.05; P < 0.001) in tissue-proved ovarian endometrioma. After adjustment of confounders, including pelvic inflammatory disease (PID), infertility and Charlson co-morbidity index (CCI), women with endometriosis still had a higher risk of EOC than women without, with adjusted HRs ranging from 2.83 (95% CI, 2.27-3.52; P < 0.001) and 1.81 (95% CI, 1.45-2.25; P < 00.001) in recalled endometriosis to 26.39 (95% CI, 19.08-36.49; P < 0.001) and 16.46 (95% CI, 11.94-22.71; P < 0.001) in tissue-proved ovarian endometrioma (Table 3) .
Since median age of the women at diagnosis of endometriosis (34-41 vs. 29-30 years; P < .001) and at the subsequent diagnosis of EOC (39-44 vs. 37 years; P < .001) was significantly higher than that of the women without a diagnosis (Supplementary Table 4 , http://links.lww.com/MD/A429, which illustrates median age of women with and without endometriosis, based on different diagnostic criteria), we adjusted age for the risk analysis. We then found that women with endometriosis had a constantly higher risk of EOC than women without (adjusted HRs of 1.90 [95% CI, 1.51-2.37; P < 0.001) in recalled endometriosis to 18.57 [95% CI, 13.37-25.79; P < 0.001] in tissue-proved ovarian endometrioma; Table 3 and Fig. 3 ).
To investigate the role of follow-up time between enrollment and the occurrence of EOC (interval), we found that the median interval between the cohort index date and the date of EOC for the women with endometriosis varied greatly, ranged from 1203.5 days in recalled endometriosis to 14 days in tissueproved ovarian endometrioma, but the interval of women without endometriosis was relatively constant, ranged from 3381 to 3469 days (Supplementary Table 5 , http://links.lww.com/MD/ A429, which illustrates the median interval between enrollment in the cohort and diagnosis of invasive EOC, based on different diagnostic criteria). The difference between the 2 groups was statistically significant (P < 0.001). Results suggested that women with endometriosis had a significantly shorter interval in which to develop EOC, compared with the longer interval of women without endometriosis. Since the highest risk of EOC could be identified in the first-year follow-up, the question that Gr ¼ Group, ICD9-CM 617.0-9 ¼ International Classification of Diseases, Ninth Revision, and Clinical Modifications code 617.0-617.9, IR ¼ incidence rate (per 10,000 person-years), MR ¼ medical records of endometriosis, n ¼ number OPD ¼ outpatient department visit, X ¼ any number from 0 to 9. Endometriosis: women with diagnosed endometriosis; Controls: women without diagnosed endometriosis; EOC: number of women who had a tissue-proved epithelial ovarian cancer; specialists: limited to gynecologists. the risk of EOC in women with endometriosis might be biased by surveillance was raised. Therefore, we used the NelsonAalen cumulative hazard estimates model to evaluate the relationship between enrollment in this cohort and the occurrence of EOC to minimize the bias secondary to surveillance. We found that women with endometriosis had a consistently and persistently higher risk of EOC than women without endometriosis did, regardless of what criteria were used (Fig. 4) .
Furthermore, we tested the relationship between the prevalence of women diagnosed with endometriosis and the risk of EOC. Results showed that the prevalence of endometriosis was negatively related to the risk of EOC in women with endometriosis ( Table 2 ). The recalled endometriosis contributed to not only the largest number of patient enrollments (73,724 women) and the highest prevalence of endometriosis (30.797%) in the general population, but also the lowest risk of EOC (IR 1.899). By contrast, the strictest criteria of endometriosis (tissue-proved ovarian endometrioma) not only contributed to the smallest number of patient enrollments (3682 women) and the largest population with the lowest prevalence of endometriosis (1.538%), but also resulted in the highest risk of EOC (IR 18.700) in this population (Supplementary Figure 5 , http:// links.lww.com/MD/A429, which illustrates a negative correlation between the prevalence of endometriosis the risk of EOC in women with endometriosis, based on different diagnostic criteria).
DISCUSSION
To date, most observational studies have not considered the use of a reliable diagnostic test to confirm the diagnosis of endometriosis when assessing the risk of development of EOC in women with endometriosis. The diagnosis of endometriosis in systematic reviews and meta-analyses 2-11 is often based on self-reported endometriosis, which results in a low-risk estimation (HRs ranging from 1.3 to 1.9). The reported strength of association between endometriosis and invasive EOC is well under the level that supports causality, and this weak association may be further reduced after accounting for biases. 29 Our study showed the dramatic variation of the risk estimation of EOC based on different diagnostic criteria. The largest number of patients enrolling into the endometriosis group contributed to the highest prevalence rate of women with endometriosis and subsequently the lowest risk of EOC estimation in recalled endometriosis. By contrast, the population in ovarian endometrioma excluded those women who might have a pelvic endometriosis, and recalled endometriosis might have enrolled women who might not have endometriosis, but the physicians supposed that these women might have endometriosis. The diagnostic criterion in Group F (at least 3 medical records at outpatient clinics within 1 year or at least 1 medical record of endometriosis during hospitalization by any doctor) might be one of the frequently used criteria to diagnose women with endometriosis. Based on this diagnostic criterion, the prevalence rate was 8.85%, similar to a report stating that women had a lifetime risk ranging from 4% to 9%, or 6% to 15% during reproductive age, 5, 30 and women with endometriosis really had a higher risk of EOC than women without (adjusted HR, 3.44; 95% CI, 2.67-4.44; P < 0.001). When tissue-proved endometriosis was used as the diagnostic criterion (eg, Group I: medical record based on surgical confirmation of endometriosis either at outpatient clinics or during hospitalization), the estimated prevalence of endometriosis declined (3.543%), but the risk of EOC was greatly increased, with an adjusted HR of 7.68 (95% CI, 5.63-10.48; P < 0.001), compared with the women without endometriosis. Furthermore, if the diagnostic criteria were limited to tissue-proved ovarian endometrioma, the prevalence of ovarian endometrioma was down to a nadir of 1.88% and 1.54%, but the risk of EOC reached the highest levels (HRs, 13.92 and 18.57, respectively). Our findings supported the recent publication from the Netherlands that showed that the risk of EOC associated with endometriosis was much higher in analyses that included information on endometriosis from a nationwide pathology database, 17 and also supported Kobayashi's findings. 16 Although Melin et al 19 found that 1-sided oophorectomy (adjusted OR, 0.19; 95% CI 0.08-0.46), and radical extirpation of all visible endometriosis (adjusted OR 0.30, 95% CI, 0.12-0.74; P < 0.001) were protective against the later development of EOC, there is no doubt that women with endometriosis, regardless of the criteria used, indeed had a higher risk of EOC than did women without. Based on the above findings, risk estimates from most of the previous studies using recalled endometriosis as an inclusion criterion might have a high possibility of misclassification, subsequently contributing to the overestimated prevalence of endometriosis, and the underestimated risk of EOC in women with endometriosis, as concluded by systematic reviews and meta-analyses. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The limitation of the study was that we did not evaluate reproductive and hormonal-related factors, such as parity, and the use of combined hormonal contraception or many medical therapies, which are also important to the development of EOC in women. For example, a recent publication by Pearce et al 31 used control data from 4 US population-based studies to investigate the lifetime risk of EOC after analyzing the joint distribution of risk/protective factor profiles and found that the lifetime risk estimates ranged from 0.35% (95% CI, 0.29-0.42) to 8.78% (95% CI, 7.10-10.9), compared with 1.37% of the general population of US women. There is no doubt that many uncertain confounding factors were not taken into consideration in the current study. Furthermore, the cases of EOC might be misclassified into the ''endometriosis'' or none-endometriosis groups. However, the age-adjusted IR of EOC in the control group remained constant (0.8-0.9 per 10,000 population). In addition, the age-adjusted IR of EOC in the controls was very similar to age-SIR in the general population in Taiwan, 28 and also consistent with the reports from the world. 32 Based on relatively constant age-adjusted IR of EOC in the control group, the calculation of HR in the current study is acceptable. Second, the basic characteristics of the patients were different. For example, the women with endometriosis were significantly older than the women without. After adjustment for age, infertility, PID, and CCI, women with endometriosis still had a higher risk of EOC than women without, regardless of the criteria used.
In conclusion, results of this study, using different strategies to compare the risk of EOC in women with and without endometriosis, reconfirmed a previously reported association between endometriosis and increased risk of EOC, and that the risk of EOC in women with endometriosis might be more apparent. With the use of much stricter criteria for endometriosis (limited to tissue-proved ovarian endometrioma), the prevalence of endometriosis was much lower (1.54%), but the risk of EOC in endometriosis was much higher (IR 18.700). The EOC risk in women with endometriosis (IR ranged from the lowest of 1.899 to the highest of 18.700) was meaningfully negatively correlated with prevalence rate of endometriosis (prevalence rate from the highest of 30.80% to the lowest of 1.54%) in the study population. The findings provided a good explanation for the only 2-fold increase in EOC in systematic reviews and meta-analyses because these data are often based on recalled endometriosis, which results in a low-risk estimation.
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